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Abstract Recorded lectures provide an integral recording of live lectures, enabling
students to review those lecture at their own pace and whenever they want. Most re-
search into the use of recorded lectures by students has been done by using surveys
or interviews. Our research combines this data with data logged by the recording
system. We will present the two data collections and cover areas where the data
can be triangulated to increase the credibility of the results or to question the stu-
dent responses. The results of the triangulation show its value, in that it identifies
discrepancies in the students’ responses in particular where it concerns their per-
ceptions of the amount of use of the recorded lectures. It also shows that we lack
data for a number of other areas. We will still need surveys and interviews to get a
complete picture.
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1 Introduction
The lecture method has been around since before the time of the printed book, when
monks would read out a book, at a lectern, and the scholars would copy down what
was said word for word [8]. Even now it is the most commonly used form of teach-
ing in universities around the world [5]. More and more universities, however, have
started to create recordings of these lectures [14], allowing students to review lec-
tures at their own pace and at a time and place of their choosing.
The increase of the number of recorded lectures has been made possible by the
availability of more advanced Lecture Capture Systems (LCS). A LCS handles the
simultaneous capture of both the audio and video of the lecturer and everything
that is being projected during the lecture, usually a PowerPoint presentation. It han-
dles the automatic synchronisation of all the captured media, uploads the recorded
lecture to a server and can post a link to the recording in the Virtual Learning En-
vironment, notifying students the recording is available. The students can then view
the recording in a web browser. Figure 1 shows an example of a recorded lecture
with both the video of the presenter and a view of the projected PowerPoint slide
side by side.
Fig. 1 Example of a recorded lecture
Much of the existing research into recorded lectures has been focused on im-
provements of the technology used to record the lectures. Researchers tried to im-
prove the quality of the recordings by addding more advanced interaction options
[3, 4], automated capturing [6, 1, 27] and camera control [13], search options [11]
and mobile solutions [16]. More recently there also has been more focus on the
use of the recorded lectures by students [23, 9, 21], their use in university settings
[28, 17], its use for students with a handicap [18] and possible impact of recorded
lectures on the attendance of students [26, 22]. Little is known, still, about the way
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in which students navigate within the recordings or how they find (the parts of) the
recordings they want to watch.
The goal of this research is to get a better understanding of how students use
recorded lectures and how we can help them to navigate more efficiently to the parts
of the recordings they want to view. The main research questions for our study are:
• How do students use recorded lectures?
– How do students say they use recorded lectures?
– What actual usage of the recorded lectures can we derive from the data on the
system and does that match with what students say?
• What usage patterns can we identify in both the reported and actual usage of
recorded lectures by students?
• How can we best facilitate the usage of recorded lectures by students?
Much of the existing research in this area is based on surveys and verbal reports
by students of their use of recorded lectures. Triangulation [7] has been successfully
used to compare survey data and log file data of Learning Management Systems
[15, 19]. In this paper we look at methodological triangulation as a way to increase
the credibility and validity of the collected survey data by combining them with
data logged by the LCS. We will present the two data collection methods and we
will look at the areas where we can triangulate the collected data. What data can
be provided by the LCS log data and do we still need surveys to ask students about
their use of recorded lectures?
2 Method
For our research we used two methods of data collection: we conducted an online
survey combined with semi-structured interviews to collect verbal reports by stu-
dents. Our second source of data consists of log data that is collected by the LCS.
Participants in the survey were students from various faculties of the Eind-
hoven University of Technology (TU/e). The TU/e uses the Mediasite LCS to create
recorded lectures. A total of six courses that had taken place recently were selected
for the survey.
The first part of the survey asked students for their interest in the topic of the
course, the perceived importance of the course for their course of study and the
grade they wished to achieve for the course. In the second part of the survey, students
rated the effectiveness of a number of available activities (e.g., attending face-to-
face lectures) and supporting resources (e.g., slides, lecture notes, etc.) in helping
them to succeed in the course. It also asked about any previous experience with
lecture recordings, and whether they had used the recorded lectures for the course
in question. In part three of the survey, those students who had used the lecture
recordings were surveyed in more detail about their experiences during that use.
Those questions were not displayed to students that indicated they had not used the
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recorded lectures. The final part of the survey contained questions for all students,
seeking out reasons they did not watch one or more of the recorded lectures (if
applicable).
The courses all had a set of lectures that were recorded on a regular basis (weekly
or more often). Most of the recordings are traditional university-style lectures with
the teacher standing in front of the class lecturing. Exceptions to this were lectures
where assignments and the test were discussed. All recordings are between 40-45
minutes long. In all of the recordings, video of the lecturer is recorded and displayed.
Five of the courses used PowerPoint or other computer-based applications recorded
alongside the video of the lecturer. Two of the courses contained recordings of the
lecturer and the blackboard. Table 1 shows the selected courses for the survey, the
department responsible for the courses, the number of students per course, the re-
sponse rate per course for the survey, what was being recorded and the number of
recordings per course.
Table 1 Courses selected for the survey and response rates
Course Department N Responses What is being recorded? #1
n (%) PowerPoint Blackboard
C01 Methods and
models in
behavioural research
Industrial Engineering
& Innovation Sciences
307 144 45.6 Yes2 Yes3 35
C02 Control Systems
Technology
Mechanical Engineering 190 72 34.7 Yes4 Yes 20
C03 Chemical Biology Biomedical Engineering 136 68 49.3 Yes Yes 27
C04 Facades and Roofs Architecture, Building
and Planning
115 40 33.9 Yes No 15
C05 Vector calculus Applied Mathematics 94 47 48.9 No Yes 14
C06 Calculus Applied Mathematics 77 43 55.8 No Yes 35
1 Number of recordings for this course
2 Both PowerPoint and demos of applications
3 For additional notes, during 5 recordings
4 During 8 of the 20 recordings
Student selection for the survey was based on recent participation in one of the
seven selected courses. All students in the courses had a choice between either at-
tending the lecture, viewing it online, or doing both. We approached the students
using a personalized e-mail that contained the link to the web-based survey. In the
e-mail and the survey itself, the students were asked to complete the survey based
on their experiences and use for the one specific course for which they were se-
lected. The survey was open online for two weeks. An e-mail reminder was sent
after one week and again on the final day of the survey to those students who had
not completed the survey.
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The online survey contained seventeen questions using both multiple choice and
Likert scale questions. Some of the questions have been used in other surveys on the
use of recorded lectures [10, 12, 21, 23, 24, 25, 28]. Students were able to complete
the survey in about 10-15 minutes. As part of the survey, we invited students for
follow-up questions. A total of 120 students accepted the invitation initially. Of
those students, 14 were interviewed using a semi-structured interview lasting 30
minutes. During the interviews, students were asked to elaborate on their use of the
recordings during the course. The interviews were recorded and transcribed.
The second data set contains data collected by the LCS. All recordings are avail-
able online; students can view them in their browser, both at the university and from
home. Students need to login using their university account to view the recorded lec-
tures. No downloadable versions of the recordings are provided. Whenever someone
views a recorded lecture, a log entry is created by the system detailing the time and
date of the view, the recorded lecture that was viewed, the user that viewed the
recorded lecture and the parts of the recorded lecture that were sent to the user.
Fig. 2 Data pre-processing steps
We performed a process called ’data pre-processing’ [20] to prepare the data set
for analysis. Figure 2 shows the steps taken during this process. The data from the
Mediasite LCS were available in the database and text-based log files. We com-
bined the two data sources and then did a number of data cleaning steps. We re-
moved the data for all users other than students. This included other staff, the pro-
fessors/lecturers, and the researchers conducting this analysis. Also, we grouped
the interactions of students into learner sessions. A learner session is an uninter-
rupted period of time during which a learner accesses one or more recorded lectures
[2]. This does not mean that a learner session consists of a constant viewing of the
recorded lectures. We assume that students also review notes, do assignments, read
in their textbooks, take a short break, etc. during a learner session. Finally, the data
cleaning removed all outliers from the data set. We were only interested in learner
sessions where the students actually make use of the recorded lectures. Learner ses-
sions shorter than three minutes or learner sessions where a total of less than 2
minutes of video has been received by the student are not considered to be actual
use of the recorded lectures as part of study activities and were removed from the
dataset.
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The analysis of the actual use of the recorded lectures focused on one of the
courses selected for the original survey and interviews. This course, C01, is a course
at the Industrial Engineering & Innovation Sciences department of the TU/e. Stu-
dents that participate in the course come from a number of different departments
within the university. Most of the students (66%) are from the Industrial Engineer-
ing department; another substantial group of students (23%) is from the Innovation
Sciences department. The course consists of an introduction in empirical research.
Students learn how to translate real-life questions into research questions, and they
learn how to create and evaluate a research design. In the second part of the course,
they get hands-on training using SPSS.
3 Results
The total response rate for the survey conducted at the TU/e was 414 (45.1%,
N = 919); the response rate for course C01 was 143 (46.6%, N = 307). For the
remainder of this results section, we will report on the students for the C01 course
only.
The filtered total dataset contained data on 4,192 lecture recordings, for a to-
tal of 263 different courses. It contained 48,539 learner sessions, viewed by 4,927
unique students. The average number of lecture recordings per course is 16, with a
maximum of 54 lecture recordings per course. Students watched an average of three
different recorded lectures per learner session (Mdn = 2, SD = 2.6). The course C01
had 35 recorded lectures for 17 lectures of 2 x 45 minutes each and a final lecture
of 1 x 45 minutes. During our study period, August 2009 through August 2010,
the recorded lectures for the course C01 were viewed by 291 unique students in a
total of 2,650 learner sessions. The surveys and the follow up interviews provide
contextual information about the students using the recorded lectures created for the
course C01, not available in the log data collected by the LCS. Most students felt
that the topic of the course was important (66.7%) and agreed that the course was an
important part of their study (68.5%). On average, students aimed for a 7 (on a 10
point scale) as the grade for this course. Students rate lecture recordings almost as
high as attending face-to-face lectures when asked about their effectiveness in help-
ing them to succeed in the course. Both score considerably higher than the online
virtual learning environment used for the course or the help of other students.
The survey asked the students about technical difficulties while watching the
recorded lectures. Most students (47.2%) reported that there were no technical dif-
ficulties, 20.8% mentioned slides and video not always playing synchronous, and
14.6% reported bad video quality. The log data from the LCS does contain some
information about the bandwidth used during the playback of the recorded lecture
and possible lost packets of data sent to the student, but that cannot be translated
into real technical difficulties like shown in the table.
We also asked student to indicate the importance of a number of features avail-
able in the player for the recorded lectures. Table 2 shows their responses to that
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question. Table 2 shows that replaying the recorded lecture at higher or lower speed,
Table 2 Features indicated as somewhat or very important while viewing recorded lectures
n (%)
Playing at higher or lower speed 110 85.2
Navigating using the slide list 98 76.0
Scanning through video using play head 80 62.0
Muting sound / controlling sound level 78 60.4
Skipping back 75 58.1
Viewing the lecture recording offline 48 37.2
Downloading additional resources via presentation links 39 30.3
Saving links to specific locations in the lecture recording 34 26.4
Mailing questions to lecturer from within viewer 9 7.0
Sharing lecture recording via mail with other students 9 7.0
navigating through the recorded lecture using the slide list and using the play head
are features found important by a majority of the students. Although it would be
possible to track the use of the above mentioned features, there is currently no data
about actual use in the LCS log data to substantiate or correct these reports. The
player used to display the recorded lectures does not send any information related
to the method of navigating or the speed at which the video is displayed back to the
server.
There are also questions in the survey that can be linked to LCS log data, ei-
ther directly or indirectly. In the survey, we asked students how important different
purposes of recorded lectures were to them. Table 3 shows that making up for a
missed lecture and preparing for the exam score highest for course C01 while also
the number three in the list, improving test scores, can be seen as an indication that
preparing for the exam is an important use of the recorded lectures for students.
We compared the responses of the students for the two most important purposes
(making up for a missed lecture and preparing for the exam) with the data available
in the LCS logs.
We cannot directly link the viewing of a recorded lecture to an actually missed
lecture. Lecture attendance was not mandatory and no attendance register was cre-
ated during the C01 course for 2009-2010. Instead, we assume that if students used
recorded lectures as a substitute for lecture attendance, they would watch the full
length of a recorded lecture. We assume that they have watched the full length of a
recorded lecture if they received at least 80% of the video for the recorded lecture.
On average, each recorded lecture for the C01 course is watched in full for 11
times during the one-year period covered by the dataset. The maximum number
of recorded lectures watched in full, by a single student for the C01 course, is 20
recorded lectures out of a total of 34 successfully recorded lectures. There were 13
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Table 3 Somewhat or very important purposes of using recorded lectures
n (%)
Making up for a missed lecture 124 96.2
Preparing for the exam 120 93.0
Improving test scores 112 86.8
Improving retention of lecture materials 102 79.1
Clarifying the material 99 76.8
Replacing live attendance 96 74.4
Assisting with an assignment 88 68.2
Reviewing material after a lecture 70 54.3
Managing distractions during lectures 64 49.6
Reinforcing the experience at the live lecture 46 35.6
Reviewing material before a lecture 43 33.4
Checking own notes 33 25.6
Overcoming language barriers 16 12.4
students who watched 10 or more recorded lectures in full. Most of the students
never watched the full length of a recorded lecture for this class. Of all students,
only 27% watched the full length of one or more of the recorded lectures. So, al-
though 96.2% of the students consider ”making up for a missed lecture” an impor-
tant purpose of the recorded lecture, the LCS log data does not support this response
because most of them never ever watched the full length of a recording. We anal-
ysed the number of learner sessions for the course C01 based on the LCS log data.
Figure 3 shows the number of learner sessions for course C01 per week. It shows
that there are four weeks in which there is an above-average use of the recorded lec-
tures, indicated as [1] – [4] in Figure 3. These are the weeks that the assignment for
the course is due, a written test is planned, the laptop test is scheduled and the week
before the retest takes place. In this case, the log data does support the responses
by the students. The recorded lectures are used a lot during the preparation for the
exams.
There are two further questions further questions in the survey for which we can
use triangulation with the LCS log data. Table 4 shows the number of times re-
spondents indicated they had used recorded lectures for the course, compared to the
actual number of learner sessions based on the LCS log data for the students that
completed the survey for course C01. The table shows that the reported number of
learner sessions for this course is approximately equal to the actual measured num-
bers of learner sessions. This cannot be said about the reported and actual percentage
of a recorded lecture that students view on average. Table 5 shows that the major-
ity of students say that on average they watch three quarters or more of a recorded
lecture. When measuring the average amount of video of a recorded lecture that is
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Fig. 3 Number of learner sessions per week
Table 4 Number of times respondents used recorded lectures for the C01 course
Reported Actual
n (%) n (%)
Never 13 9.1 6 4.2
<5 times 22 15.4 35 24.5
5-10 times 51 35.7 43 30.1
>10 times 57 39.9 59 41.3
Table 5 Average percentage of a recording viewed
Reported Actual
n (%) n (%)
0% - 10% 2 1.5 27 9.3
10% - 25% 4 3.1 203 69.8
25% - 50% 7 5.4 40 13.7
50% - 75% 26 20.0 13 4.5
75% - 100% 91 70.0 8 2.7
actually sent to a student, the vast majority only receives between 10% - 25% of a
recorded lecture.
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4 Conclusions
The analysis shows that the survey still is an important method to collect infor-
mation from students about their use of recorded lectures. The data logged by the
LCS does not provide all the information that we want and need to get the complete
picture. However, methodological triangulation is a valuable step to confirm or to
question at least some of the students’ responses. It is not sufficient to rely on just
the self-reported data by students. The triangulation confirmed the reported number
of learner sessions for this course but also showed that the percentage of a recorded
lecture that students report to watch is much higher than the actual percentage. The
analysis also shows that sometimes there is a difference between what students re-
port to be an important purpose for recorded lectures and their actual use of the
recorded lectures.
In some cases where the data logged by the LCS currently is insufficient to per-
form triangulation, improvements can be made. For example, the methods that a
student uses to navigate through the player interface is not yet logged, but could
provide valuable information about whether the interface allows them to quickly
find the parts of a recorded lecture that they want to view.
To be able to rely on this combination of datasets, unique identification of users
is very important. We’ve seen examples where a single recording had been viewed
on the same university computer by three different students on a single day. Just
counting IP-addresses would provide incorrect information. Downloadable recorded
lectures can also not be counted or tracked. Universities should be aware of those
effects on the completeness of reports that they can create.
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